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PRESS SECTION AND PERMEABLE BELT IN A PAPER MACHINE 

BACKGROUND OF THE INVENTION 

1. Field of the invention . 

[0001] The present invention relates to a paper machine, and, more particularly, to a 
permeable belt used in a belt pre ss in a paper machine. 

2. Description of the related art . 

[0002] In a wet pressing operation, a fibrous web sheet is compressed at a press nip 

to the point where hydraulic pressure drives water out of the fibrous web. It has been 
recognized that convent! onal wet pressing methods are inefficient in that only a small 
portion of a roll's circumference is used to process the paper web. To overcome this 
limitation, some attempts have been made to adapt a solid impermeable belt to an 
extended nip for pressing t he paper web and dewater the paper web. A problem with such 
an approach is that the impermeable belt prevents the flow of a drying fluid, such as air 
through the paper web. Extended nip press (ENP) belts are used throughout the paper 
industry as a way of i ncreasing the actual pressing dwell time in a press nip. A shoe press 
is the apparatus that provides the ability of the ENP belt to have pressure applied 
therethrough, by having a stationary shoe that is configured to the curvature of the hard 
surface bein g pressed, for example, a solid press roll. In this way, the nip can be extended 
120 mm for tissue, and up to 250 mm for flap papers beyond the limit of the contact 
between the press rolls themselves. An ENP belt serves as a roll cover on the shoe press. 
This flexible belt is lubricated by an oil shower on the inside to prevent frictional damage. 
The belt and shoe press are non -permeable members, and dewatering of the fibrous web 
is accomplished almost exclusively by the mechanical pressing thereof. 

[0003] WO 03/062528 (whose disclosure is hereby expressly incorporated by 
reference in its entirety), for example, discloses a method of making a three dimensional 
surface structured web wherein the web exhibits improved caliper and absorbency. This 
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document discusses the need to improve dewatering with a specially designed advanced 
dewatering system. The system uses a Belt Press which applies a load to the back side of 
the structured fabric during dewatering. The belt and the structured fabric are permeable . 
The belt can be a spiral link fabric and can be a permeable ENP belt in order to promote 
vacuum and pressing dewatering simultaneously. The nip can be extended well beyond 
the shoe press apparatus. However, such a system with the ENP belt has disadvan tages, 
such as a limited open area. 

[0004] ft is also known in the prior art to utilize a through air drying process (TAD) 

for drying webs, especially tissue webs. Huge TAD -cylinders are necessary, however, and 
as well as a complex air supply and heating system. This system also requires a high 
operating expense to reach the necessary dryness of the web before it is transferred to a 
Yankee Cylinder, which drying cylinder dries the web to its end dryness of approximately 
97%. On the Yankee surface, also the creping takes place through a creping doctor. 

[0005] The machinery of the TAD system is very expensive and costs roughly 
double .that of a conventional tissue machine. Also, the operational . costs are high, 
because with the TAD process it is necessary to dry the web to a higher dryness level than 
it would be appropriate with the through air system in respect of the drying efficiency. The 
reason is the poor CD moisture profile produced by the TAD system at low dryness level. 
The moisture CD profile is o nly acceptable at high dryness levels up to 60%. At over 30%, 
the impingement drying by the hood of the Yankee is much more efficient. 

[0006] The max web quality of a conventional tissue manufacturing process are as 
follows: the bulk of the produced tissu e web is less than 9 cm 3 /g. The water holding 
capacity (measured by the basket method) of the produced tissue web is less than 9(gH 2 0 
/ g fiber). 
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[0007] The advantage of the TAD system, however, results in a very high web 
quality especially with regard to high bulk, water holding capacity. 

[0008] What is needed in the art is a belt, which provides enhanced dewatering of a 
continuous web. 

SI IMMARY OF THF INVENTION 
[0009] Ratherthan relying on a mechanical shoe for pressing, the invention allows 
for the use a permeable belt as the pressing element. The belt is tensioned against a 
suction roll so as to form a Belt Press. This allows for a much longer press n,p, e.g. . ten 
times longer than a shoe press and twenty times longer than a conventional press , wh.ch 
results in much lower peak pressures, i.e., 1 bar instead of 30 bar for a conventional press 
and 15 barfor a shoe press, allfortissue. It also hasthedesired advantage of allowing a,r 
flowthrough the web. and into the press nip itseff, which is notthe case with typical Shoe 
Presses or a conventional press like the suction press roll against a solid Yankee dryer. 
The preferred permeable belt is a spiral link fabric. 

[001 0] There is a limit on vacuum dewatering (approximately 25% solids on a TAD 
fabric and 30% on a dewatering fabric) and the secretto reaching 35% or more in sol.ds 
with this concept while maintaining TAD like qua.rty, is to use a very long press nip formed 
by a permeable belt This can be 10times longerthan ashoe pressa nd 20 times longer 
than a conventional press. The pick pressure should also be very low, i.e., 20 times lower 
than a shore press and 40times lowerthan a conventional press. Itis also very important 
toprovideairflowthroughthenip. Theefficiency of the arrangement of the invention .s 
veryhighbecauseitutilizesaverylongnipcombinedv^airflowthroughthenip. Th,s.s 
supenorfoashoepressarrangementortoanarrangementwhichusesasuctonpress^ 
againstaYankeedryerwhereinthereisnoairflowthroughthenip. The permeable belt 
can be pressed over a hard structured fabric (e.g., a TAD fabric) and over a soft, thick and 
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resilient dewatering fabric while the papersheet is arranged therebetween. Thissandwich 
arrangement of the fabrics is important The invention also takes advantage of the fact 
that the mass of fibers remain protected within the body (valleys) of the structured fabric 
and there is only a slightly pressing which occurs between the prominent points of the 
structured fabric (valleys). These valleys are no too deep so as to avoid deforming the 
fibers of the sheet plastically and to avoid negatively impacting the quality of the paper 
sheet but no so shallow so as to take -up the excess water out of the mass of f ibers. Of 
course, this is dependent on the softness, compressibility and resilience of the dewatering 
fabric. . 

[0011] The present invention also provides for a specially designed permeable ENP 
belt which can be used on a Belt Press in an advanced dewate ring system or in an 
arrangement wherein the web is formed over a structured fabric. The permeable ENP belt 
can also be used in a No Press / Low press Tissue Flex process. 

[0012] The present invention also provides a high strength permeable press belt 
with open areas and contact areas on, a side of the belt. 

[0013] The invention comprises, in one form thereof, a belt press including a roll 
having an exterior surface and a permeable belt having a side in pressing contact over a 
portion of the exterior surface of the roll. The permeable belt has a tension of at least 
approximately 30 KN/m applied thereto. The side of the permeable belt has an open area 
of at least approximately 25%, and a contact area of at least approximately 1 0% a contact 
area preferably of at least 25 % and most preferably approximately 50% open area and 
approximately 50% contact area, wherein the open area comprises a total area which is 
encompassed by the openings and grooves (i.e., that portion of the surface which is not 
designed to compress the web to same extent as the contact areas) and wherein the 
contact area is defined by the land areas of the surface of the belt, i.e., the total area of the 
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surface of the belt between the openings and/or the grooves. With an ENP belt, it is not 
possible to use a 50% open area and a 50% contact area. On the other hand, this is 
possible with, e.g., a link fabric. 

[0014] An advantage of the present invention is that it allows substantial airflow 
therethrough to reach the fibrous web for the remov al of water by way of a vacuum, 
particularly during a pressing operation. 

[0015] Another advantage is that the- permeable belt allows a significant tension to 
be applied thereto. 

[0016] Yetanotheradvantage isthatthe permeable belt has substantial ope nareas 
adjacent to contact areas along one side of the belt. 

[0017] Still yet anotheradvantage of the present invention isthatthe permeable belt 
is capable of applying a line force over an extremely long nip, thereby ensuring a long 
dwell time in which pressure is applied against the web as compared to a standard shoe 



[0018] Theinventionalsoprovidesforabeltpressforapapermachine.whereinthe 
belt press comprises a roll comprising an exterior surface. A permeable belt comprises a 
first side and is guided over a portion of the exterior surface of the roll. The permeable 
belt has a tension of at least approximately 30 KN/m. The first side has an open area of at 
least approximately 25% a contact area of at least approximately 1 0% . preferably a contact 
area of at least 25%. 

[0019] Thefirstsidemayfecetheexteriorsurfaceandthepermeablebeltmayexert 
a pressing force on the roll. The permeable belt may comprise through openings. The 
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permeable belt may c^paerfcarlhrough openings arranged in a generally regular 
symmetrical pattern. The permeable belt may cpinprises generally parallel rows of through 
openings, whereby the rows are oriented along a machine direction. The permeable belt 
may exert a pressing force on the roll in the r ange of between approximately 30 KPa and 
approximately 300 KPa (approximately 0.3 bar to approximately 1.5 bar and^referably 
approximately 0.07 to approximately 1 bar). The permeable belt may comprise through 
openings and a plurality of grooves, each gro ove intersecting a different set of through 
openings. The first side may face the exterior surface and the permeable belt may exert a 
pressing force on the roll. The plurality of grooves may be arranged on the first side. 
Each of the plurality of groove s may comprise a width, and each of the through openings 
may comprise a diameter, and wherein the diameter is greater than the width. 

[0020] The tension ofthe belt is greater than approximately 30 KWm, and preferably 
50 KN/m. Tbfijpll may njSj&Tot a wauuui rr rofe The roll may cowpnse a vacuum roll 



having an interior drcumferenjgl portion. The vacuum roll may comprise at te ^^ ne 
vacuum zone arranged within s^ttfinterior circumferential portion. The roll may eomprioe a 
.vacuum roll having a suctio n zone. The suction zone may oefnpnse a circumferential 
length of between approximately 200 mm and approximately 2500 mm. The 
circumferential length may be in the range of between approximately 800 mm and 
approximately 1800 mm. The circumferential lengt h may be in the range of between 
approximately 1200 mm and approximately 1600 mm. The permeable belt may oempriee 
at least one of a polyurethane extended nip belt or a spiral link fabric. The permeable belt 
mav eermmh a polyurethane extended nip belt w hich includes a plurality of reinforcing 
yams embedded therein. The plurality of reinforcing yarns may cempHse-a plurality of 
machine direction yams and a plurality of cross direction yams. The permeable belt may 
comprise a polyurethane extended nip belt having a plurality of reinforcing yams 
embedded therein, said plurality of reinforcing yams being woven in a spiral link manner. 
The permeable belt may ©emprise a spiral link fabric (which importantly produces good 
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results) or two or more spiral li nk fabrics. 

[00211 The belt prass may further oS^fa first fabric and a second fabrio 
raveling be^een the permeable belt and the roll. The firs, fabrio has a first side and a 
L„d side. The nrs, side of the firstfcbric is in a, fcast parfia, c 

sideofafibrousweb. The second *bnchas a firsteide and a second arte. Theflrats^de 
ofthe second^do.aina.^stp^^n.adv^^fira.aidaof^par^lab* 

flbrousweb. itis^sopcsslbletohaveasacondpenmeabtebenontopofmeflrstrabno . 

r„„221 The firslfabric may efeiee a perateabie dewaWngWt The second 
fabric may ceSpW a sectored fabric. The fibrous web mayeempriee a tissue web or 
nyglene web. The invention also provides for a fibrous material drytn 9 arrangement 

arall TheENPbeltlssubJectedtoatensionofatleastappraxlmataVaoKN/m. TheENP 
b e» e&pSaes a .da having an open area C a, iea^pproxlmatoly 25% and a coraac. 
area of at least apptoximaialy 10% , preferably a contact area of at least 25 a . 

[0023] The invention also provides for a perraeable extended nip prase (ENP) belt 
whi* * capabfc of being subjected* a tendon C a. .as, «*— Zci 
wherein ft. permeable ENP be* ee^fees a. teas, one aide campae^ a openaraa of 
a«^.apprLma.*25%aMaconrac,an M o,a.,eas,app ro xime te ,,10% .praferabtyo. 

at least 25%. 

[002fl The opanaraa may badafined by through openings and the center* are a is 
defined by a planar surface. Reopen araa may be defined by through openings and .he 
contact araa Is defined by a planar surface wHhout openings, recesses, or grooves. The 
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open area may be defined by through openings and grooves, and the contact a rea is 
defined by a planar surface without openings, recesses, or grooves. The open area may 
be between approximately 30% and approximately 85%, and the contact area may be 
between approximately 15% and approximately 70%. The open area may be between 
approximately 45% and approximately 85%, and the contact area may be between 
approximately 15% and approximately 55%. The open area may be between 
approximately 50% and approximately 65%, and the contact area may be between 
approximately 35% and approximate! y 50%. The permeable ENP belt may cemp«se a 
spiral link fabric. The permeable ENP belt may compfwe throughopenmgs arranged .n a 
generally symmetrical pattern. The permeable ENP belt may cempflse.through openings 
arranged in generally parallel rows re lative to a machine direction. The permeable ENP 
belt may eofepTfee an endless circulating belt 

[0025] The permeable ENP belt may oom p rinp through openings and the at least 
one side of the permeable ENP belt may oekpi^ a plurality of grooves, each of the 
plurality of grooves intersec£a different set of through hol£ Each of thejjlurality of 
grooves may «w?rise a width, and each of the through openings mejreomptwe a 
diameter, and wbewin the diameter is greater than the width. Each of the pluralit y of 
grooves extend into the permeable ENP belt by an amount which is less than a thickness 
of the permeable belt 

£0026] The tension may be greater than approximately 30 KN/m and is preferably 
greater than approximately 50 KN/m, or greater than approximately 60 KN/m, or greater 
than approximately 80 KN/m. The permeable ENP belt may cemeflse a flexible reinforced 
polyurethane member. The permeable ENP belt may cemfwfce a flexible spiral link fabric. 
The permeable ENP belt may eewpke a flexible polyure^iane member having a penality 
of reinforcing yams embedded therein. The plurality of reinforcing yams may cemp««e a 
plurality of machine direction yams and a plurality of cross direction yams. The permeable 
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ENP belt may cocopase a flexible polyure thane material a plurality of reinforcing yarns 
embedded therein, se&plurality of reinforcing yams being woven in a spiral link manner. 

[0027] The invention also provides for a method of subjecting a fibrous web to 
pressing in a paper machine, whetein the method co mprioooo pp lying pressure against a 
contact area of the fibrous web with a portion of a permeable bett^ whoroin ^e contact area 
is at least approximately 10% preferably at least 25 % of an area of apportion and 
moving afluid through an open area of sS^permeable belt and through the fibrous web* 
ir^iffTri^i — area is at least approximately 25% of^fe portion, wherein, during the 
applying and the moving* ^akfc permeable belt has a tension of at least approximately 30 
KN/m. L< *T«-^ 



[0028] The contact area of the fibrous web may mmprfcB areas which are pressed 
more by the portion than non -contact areas of the fibrous web. The portion of the 
permeable belt may Trfnp"^ a generally planar surface which includes no openings, 
recesses, or grooves and which is guided over a roll. The fluid may c Q mprrrfrr 3 ir. The 
open area of the. permeable belt may compns & through openings and grooves* .The 
tension may be greater than approximately 50 KN/m. 

[0029] . The method may farther camprion rotating a roll in a machine direction^ 
wfceraiMaWpermeable belt moves in concert with and is guided over or by sjj&roll. The 
permeable belt may comprise a plurality of grooves and through openings, each of aeid-^-S. 
plurality of grooves being arranged on a side of t*he permeable belt and intersecting with a 
different set of through openings. The applying and the moving^na^occur for a dwell time 
which is sufficient to produce a fibrous web solids level in the range of between 
approximately 25% and approximately 55%. Preferably, the solids level may be greater 
than approximately 30%, and most preferably it is greater than approximately 40%. These 
solids levels may be obtained whether the permeable belt is used on a belt press or on a 
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NoP^/Lcv.P^a^ngemant.^pem.^ebe^may.-^aspMr.nkfebrio. 

Una, wherein I. me*od JK**Wq • « <—» «« — ^""f °" S ° 
the fibrous web wfih a permeable belt and a saocnd greater pressure agarns, second 
portonsof^afibrauawabwfifiaprassingporfionofmapannaab.abafi.wnara.nanar^ 

o, ma second porfions Is a, ,eas« approximate,, 25% a, an araa of the fire, porbons^ 
R v to mov^r threugh opan porfions cfti6 permeable be* wherein an area of .he ^open 

appUes M firs* and sacond pressures.,****, firing ma applying and *e «»^- 
permeable belt has a tension of at least approximately 30 KN/m. 

[00311 The tension may be greater than approximately 50 KK/m or may be greater 
Lnapproximateiy.eOK^mormaybag^ter^nappnox^OOKNta.Thame^d 

concert-, &ML The area of me open portions may be at leas, approx.ma.ely 50 ^ 
Tbe.area of ate open portions may be a,,easf approximately 70%,-Tne saccate, 
prLuremaybe inma range of beb^n approximate* 30 KPa and approximately 150 
KPa. The moving and the applying may occur substernal* slmutteneously. 
,0035, Themea^mayfurtheriS^movl^lheairmroughmefibrouswebfer 
a dwell bme which is suffictent te pr oduce a fibrous web so,lds ,n fhe range « -between 

app^ximatety 25% end approximate* 55%. The dweU fime may be ^Z^L 
^nappmximately^msar^lspreterabfyeaualteorgreatermanapprox.matelySOms. 

Air flow can be approximately 1 50 m'/min per meter machine width. 

[0033, The invenfion also prevides for a memod of drying a fibrous web in a b* 
pjwh-.hinc.udeserol.andapen.eabtebe.afe^mroughopenings.where.nan 
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area of the through openings is at least approxi mately 25% of an area of a pressing portion 
of the permeable belt, and wherein the permeable belt is tensioned to at least 
approximately 30 KN/m^wheram"1he method oompnoos guiding at least the pressing 
portion of the permeable belt overthe roll, moving the fibrous web between the roll and the 
pressing portion of the permeable belt, subjecting at least approximately 25% of the fibrous 
web to a pressure produced by portions of the permeable belt which are adjacent to the 
through openings, and moving a flu id through the through openings of the permeable belt 
and the fibrous web. 

[0034] The invention also provides for a method ^Wno a fibrous web in a belt 
press which includes a roll and a permeable belt mmpris i aft hrough openings and 
grooves, wherein an area of the through openings is at least approximately 25% of an area 
of a pressing portion of the permeable belt, and wherein the permeable belt is tensioned to 
at least approximately 30 KN/m c wheWfie method cowprieee guiding at least the 
pressing portion of the permeable belt overthe roll, moving the fibrous web between the 
roll and the pressing portion of the permeable belt, subjecting at least approximately 1 0% 
preferably at least approximately 25 % of the .fibrous web to a pressure produced by 
portions of the permeable belt which are adjacent to the through openings and the 
grooves, and moving a fluid through the through openings and the grooves of the 
permeable belt and the fibrous web. 

[0035] According to another aspect of the invention, ther e is provided a more 
efficient dewatering process, preferably for the tissue manufacturing process, wherein the 
web achieves a dryness in the range of up to about 40% dryness. The process according 
to the invention is less expensive in machinery and in ope rational costs, and provides the 
same web quality as the TAD process. The bulk of the produced tissue web according to 
the invention is greater than approximately 10 g/cm 3 , up to the range of between 
approximately 14 g/cm 3 and approximately 16 g/cm 3 . The water holding capacity 
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, * ^ O ftheproducedtissuewebaccordingtotheinventionis 

[0036] ^^^ :z ^^ztz p z 

provides for elements with a key function for this process. 

• te * nress svstem which includes a package of 

a, le as, one upper (or pressure producing element is in contact with 

theatleastoneupperfabnc. Asecono . Hiffere ntial pressure field Is provided 

*. a. ieastone lower febric end is permeable. A ^^ fatteastoneupper and 

r^TSI , order fo pr.uce a 
a, least one lower fabnc, and the paper 

m echanical pressure on me pecKage and therafore on *epaper ^ d 

^erisdrained. ^""^'T^l.,!*.-!- toneuppeffofheatieast 
towerfabric. An airflow is caused m the d,rect,on fro fabric 
0 „a lower fabnc thrnugh the package of a. leas, one upper and least 
and the paper web therebetween. 

example, the upperfabric may be permeable, and/or a so fabric a membrane or 
is made of polymer such as polyurathana. The latace 
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con te c t ^asuo tto n ro »wh i le^oppc*sid e =on t ac.s*epaperwe b .^ tott c eg „d 

can also be oriented at an angle relative to machine director yarns and cross -directon 
yams. The base fobric is permeable ar* me Mce grid can be a ana -rewe. layer. TTre 
iaiflce can also ba made of a composite material, auoh as an elastomer* matonal The 
lattice grid can itself Include machine direction yarns with the composite m atenalbe.ng 
fooaed around these yama. VM. a fabric of the above mentioned type it h possrble to 
form or create a surface structure that is independent of the weave patterns. At leas for 
Saaue. an important consideration ia to provide a soft toyer in contact with the sheet 

■00391 Thaupparfabricmaytranaportthav^btoandfromthepresasystam.The 

fabrioiaataopea.eabia.Thadaaignof^.owa.fabrioiamadetobecap^o^n^ 
wate, Thaiowartobricaiaohasaamootosariaca. The tower fabric ispreterab* a « 
«Hh e baft leyer. The diameter o f the batt fibers of the tower fabric are equel to or ese 
^ approximator 11 dfex. and can preferably be equd to or lov^rfhan approbate,, 
« dtex. or more p^rabr, be eguai to or toss man approximately 3.3 dtex The^att 
nberacanatoobeabtondoffib^.Thaiowerfabrtcoanalaocontoinavacloriayerwh.h 

as eg approximate* 100 dtex. approximately 140 dtex, or even higher dtex numbers 

the lower fabric andfor of ma lower tebric iteetf can ba eo.ua. to or greater tan 
approbate* 35 m V tea area, ano can praferabiy be equal to or greater *an 
appreximatety 65 m W tel. area, and can moa, praferabry be equa, to or graven 

to or greafer «. approximate* 0.<H m >,g tea weigh, and can preferably * equa Ho or 
g^terth^approximatelyo.oesm^teaweign.ardcanmoatpraterebrybeequal^ 

greater man approximately 0.075 m*/g tel. weight Thia is important for me good 
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• ^ffFn^KMN/mmlasavaluefbrtheco mpressibility is 

----- 

quality, e.g., water holding capacity. 

•u-.^ fthi^knp^ chanae by force in mm/N) of the upperfabric 
r004Ol The compressibilrty (thickness cnangeoyi , , 

=rrr 

o, the wsb. l.e., « ensure *at th« upper telt Is a stiff stmoture. 

-The res»enc* of the tower fabdo should be eonsldered. .T*e *«* 

,0 2 La*, and most prefer toe resilience to mere man or equal ^ «»• 
dansitv ef the lower fabrio should be equal to or higher than approxunataly 0.4 g/ em . ana 
* « ■*« than apptoxl^ 0.5 • and to «ea«V eouaUo , 
,s preferamy eq ._ 0s3a/cm 3 TOs ran be advantageous at web speeds of 
hi9h r2:::— ^^n.A^oedto.vo^entoKeslteaslertoto.eOte 

"ZZ effect to smaller. The pennon* of toe tower fcbdc ~££Zr 
IO werthanapproximately25ofm.AreduoadpenneaM*ymakesrteas,erto 
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away from the felt by the air flow, i.e., to get the water through the felt. As a result, the re - 
wetting effect is smaller. A too hig h permeability, however, would lead to a too high air 
flow, less vacuum level for a given vacuum pump, and less dewatering of the felt because 
of the too open structure. 

[0042] The second surface of the supporting structure can be flat and/or planar. In 
this regard, the second surface of the supporting structure can be formed by a flat suction 
box. The second surface of the supporting structure can preferably be curved. For 
example, the second surface of the supporting structure can be formed or run ove r a 
suction roll or cylinder whose diameter is, e.g., approximately 1 m or more or 
approximately 1.2 m or more. For example, for a production machine with a 200 inch 
width, the diameter can be in the range of approximately 1 .5 m or more. The suction 
device or cylinder may comprise at least one suction zone. It may also comprise two 
suction zones. The suction cylinder may also include at least one suction box with at least 
one suction arc. At least one mechanical pressure zone can be produced by at leas t one 
pressure field (i.e., by the tension of a belt) or through the first surface by, e.g., a press 
element The first surface can be an impermeable belt, but with an open surface toward 
the first fabric, e.g.. a grooved or a blind drilled and grooved op en surface, so that air can 
flow from outside into the suction arc. The first surface can be a permeable belt. The belt 
may have an open area of at least approximately 25%. preferably greater than 
approximately 35%, most preferably greater than approxima tely 50%. The belt may have a 
contact area of at least approximately 10%, at least approximately 25%, and preferably up 
to approximately 50% in order to have a good pressing contact. 

[0043] In addition, the pressure field can be produced by a pressure element, such 
as a shoe press or a roll press. This has the following advantage: If a very high bulky web 
is not required, this option can be used to increase dryness and therefore production to a 
desired value, by adjusting carefully the mechanical press ure load. Due to the softer 
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second fabric the web is also pressed at least partly between the prominent points 
(valleys) of the three -dimensional structure. The additional pressure field can be arranged 
preferably before (no re -wetting), after or between the suction area. The upper permeable 
belt is designed to resist a high tension of more than approximately 30 KN/m, and 
preferably approximately 50 KN/m, or higher e.g., approximately 80 KN/m. By utilizing this 
tension, a pressure is produced of greater than approximately 0.3 bar, and preferably 
approximately 1 bar, or higher, may be e.g., approximately 1.5 bar. The pressure "p" 
depends on the tension U S° and the radius of the suction roll according to the well 
known equation, p=S/R. As can be seen from the equation, the greater the roll diameter 
the greater the tension need to be to achieve the required pressure. The upper belt can 
also be a stainless steel and/or a metal band and/or a polymeric band. The permeable 
upper belt can be made of a rein'forced plastic or synthetic material. It can also be a spiral 
linked fabric. Preferably, the belt can be driven to avoid shear forces between the first and 
second fabrics and the web. The suction roll can also be driven. Both of these can also 
be driven independently. 

[0044] The first surface can be a permeable.belt supported by a perforated shoe for 
the pressure load. 

[0045] The airflow can be caused by a non -mechanical pressure field alone or in 
combination as follows: with an underpressure in a s uction box of the suction roll or with a 
flat suction box, or with an overpressure above the first surface of the pressure producing 
element e.g., by a hood, supplied with air, e.g., hot air of between approximately 50 
degrees C and approximately 180 degr ees C, and preferably between approximately 120 
degrees C and approximately 150 degrees C, or also preferably steam. Such a higher 
temperature is especially important and preferred if the pulp temperature out of the 
headbox is less than about 35 degrees C. This is the case for manufacturing. processes 
without or with less stock refining. Of course, all or some of the above -noted features can 
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be combined. 

,00461 T h ep^u rei nmshoodcanb e tes^napp TO ima^0.2ba,p re fe ra b ly 
ess than approxtmatety 0.1. most pH* less than appn>ximateiy 0.05 bar. The 

^suction rot, b, vacuum pumps. A desired air flow is approximately 140 m /mm per 
Le, of marine wide, Supped air flow <= me hoed « atmosphenc pressure - be 

e'.heeue.ionmiibyavaouumpumpcaehavaavaeuumievaiofapp—VO.ebara, 

approximately 25 degrees C. 

,0047, The suction ro» can ba wrapped pad* by me padkage of fabrics and the 

«,» h»» wherabv the second fabric has the biggest 
pressure producing element, e.g., the belt, whereby me se 

Lpplng arc "a f and leaves me arc zone lasfly. The web tegW wdhl h. flrsHabnc 
3 Lcond*. and me pressure producing etement ieavea flrafly. The arc of Ihe 
^ ure produce etemen, is bfcger than^m of the sucflen box. Th * ,s impor^n 
ecauJ.tewdrynesa.themecbanica^^ 

Lthe eirflowto reach a ma^um d*nese.The dwCflmeT she* « begreate *an 
approximate* 40 me, and praterab* fc greater — "H"^" " "£ 
JLeterof approximately^ m and a maohinespeed of approximately 1200 nVmmJ*C 
Tv shouL be greater than appmximataty 76 degrees, and preferably gteater than 

the roll]. 

[0048, The second teMccan be heated e.g., by steam or procaas water added to 
Lfloodednip showerteimprovefhedewatenng behavior. W* a higher temperatere * 
TeTrtg^ L water through flrefefl. The befl could else be heated by a heater or by 
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*. hood or steam box. The TAD -tebric can be heated espedally In me oese when •» 
ITo, tee »ssue .ach.no fs a doubte - termer. Tbfs fs because, „ . . ^ 
termer. *e TAD fabHc wi„ wrap me terming roll aod wffl therefore be heated by me stock 
which is injected by the headbox. 

[0049, ™e re areanumbero,advantegeso,m te processdea CT behereir, « 

Z-OhLomarhand.wtmmoadva^dde^te^systento.metnve^o^ 
sLcuum pumps are needed to dry me web te approximate,, 35%. Also, w* *e pno, 

l^u.75%. omo^seapoor — crossprontewoutd beereated. Thrswayafo, 
^ a^y is wasted and me Yankee and hood capacity is onty used mangmelly. The 
J£Z I Instant invent makes « possibte te d* me web in a mat step up to a 
^ dryness teve, of between approxfmateiy 30 end approbate* 40%, «* . good 

loremanapproxfmate^usfn,^^^^ 

c^edmeinvBnbvesysten, One way te produce this dryness ievei. can ^udemore 
efficient Impingement drying via me hood on the Yankee. 

,0050] Wimmaaystemacconiin 8 tefheinven«on,me re isnonaed *rt«^><* 

£ LnL system uOlttng me whole capabfffty of impingement drying wh,ch . more 
efficient in drying me sheet from 35% te more then 00% solids. 

roo51] T***^*^*'*^"'^™^""** 

nJ^iSanextertorsurfaceandatleastonesiiction 
baltpresscomprisasat^umnoneempnefBganextenorsu fmeex terior 
^e. Ap en,eablebe«»!«P^ail re .sideandisgufdedoverapod,ono fmaexteno 
surface oftee vacuum n* The pem,aab,ebe»hasa.ensionofa, te aa.appn».mate,y 30 
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KN/m. The first side has an open area of at least approximately 25% a contact area of at 
least approximately 10% , preferably of at least approximate! y 25 %. 

[0052] The at least one suction zone may cemprisps a circumferential length of 

between approximately 200 mm and approximately 2,500 mm. The circumferential length 

may define an arc of between approximately 80 degrees and approximately 180 degrees . 

The circumferential length may define an arc of between approximately 80 degrees and 

approximately 130 degrees. "The at least one suction zone may be adapted to apply 

vacuum for a dwell time which is equal to or greater than approximately 40 ms. The dw ell 

time may be equal to or greater than approximately 50 ms. The permeable belt may exert 

a pressing force on the vacuum roll for a first dwell time which is equal to or greater than 

approximately 40 ms. The at least one suction zone may be adapted to a pply vacuum for 

a second dwell time which is equal to or greater than approximately 40 ms. The second 

dwell time may be equal to or greater than approximately 50 ms. The first dwell time may 

b «^ 

be equal to or greater than approximately 50 ms. The permeable belt may o e wspnc e at 
least one spiral link fabric. The at least one spiral link fabric may comprise 1 a synthetic, a 
aplastic, a reinforced plastic, and/or a polymeric material. The at least one spiral link fabric 
may go m prise stainless steel. The at leas t one spiral link fabric may comprise a tension 
which is between approximately 30 KN/m and approximately 80 KN/m. The tension may 
be between approximately 35 KN/m and approximately 70 KN/m. 

[0053] The invention also provides for a method of pressing an d drying a paper web, 
wherein the method comprises pressing, with a pressure producing element, the paper 
web between at (east one first fabric and at least one second fabric and simultaneously 
moving a fluid through the paper web and the at least one firs t and second fabrics. 



[0054] The pressing may occur for a dwell time which is equal to or greater than 
approximately 40 ms. The dwell time may be equal to or greater than approximately 50 
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ms. The simultaneously moving may occur for a dwell time which i s equal to or greater 
than approximately 40 ms. This dwell time may t^ ee qual to or greater than approximately 
50 ms. The pressure producing element may comprise a device which applies a vacuum. 
The vacuum may be greater than approximately 0.5 bar. The vacuum may be greater than 
approximately 1 bar. The vacuum may be greater than approximately 1.5 bar. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0055] The above-mentioned and other features and advantages of this invention, 
and the manner of attaining them, wi II become more apparent and the invention will be 
better understood by reference to the following description of an embodiment of the 
invention taken in conjunction with the accompanying drawings, wherein: 

Fig. 1 is a cross -sectional schematic diagram of an advanced dewatering system 
with an embodiment of a belt press according to the present invention; 

Fig. 2 is a surface view of one side of a permeable belt of the belt press of Fig. 1 ; 

Fig. 3 is a view of an opposite side of the permeable belt of Fig. 2; 

Fig. 4 is cross -section view of the permeable belt of Figs. 2 and 3; 

Fig. 5 is an enlarged cross -sectional view of the permeable belt of Figs. 2 -4; 

Fig. 5a is an enlarged cross -sectional view of the permeable belt of Figs. 2 -4 and 
illustrating optional triangular grooves; 

Fig. 5b is an enlarged cross -sectional view of the permeable belt of Figs. 2 -4 and 
illustrating optional semi -circular grooves; 

Fig. 5c is an enlarged cross -sectional view of the permeable belt of Figs. 2 -4 
illustrating optional trapezoid al grooves; 

Fig. 6 is a cross -sectional view of the permeable belt of Fig. 3 along section line 

B-B; 

Fig. 7 is a cross -sectional view of the permeable belt of Fig. 3 along section line 

A-A; 

Fig . 8 is a cross -sectional view of another embodiment of the perm eable belt of Fig. 
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3 along section line B -B; 

Fig. 9 is a cross -sectional view of another embodiment of the permeable belt of Fig. 
3 along section line A -A; 

Fig. 10 is a surface view of another embodiment of the permeable belt of the 
present invention; 

Fig. 11 is a side view of a portion of the permeable belt of Fig. 10; 

Fig. 12 is a cross -sectional schematic diagram of still another advanced dewatering 
system with an embodiment of a belt press according to the present invention; 

Fig- 13 is an enlarged pa rtial view of one dewatering fabric which can be used on 
the advanced dewatering systems of the present invention; 

Fig. 14 is an enlarged partial view of another dewatering fabric which can be used 
on the advanced dewatering systems of the present inventio n; 

Fig. 1 5 is a exaggerated cross -sectional schematic diagram of one embodiment of a 
pressing portion of the advanced dewatering system according to the present invention; 

Fig. 1 6 is a exaggerated cross -sectional schematic diagram of another embodiment 
of a pressing portion of the advanced dewatering system according to the present 
invention; ^ 

Fig. 1 7 is a cross -sectional schematic diagram of still another advanced dewatering 
system with another embodiment of a belt press according to the present invention; 

Fig. 1 8 is a partial side view of an optional permeable belt which may be used in the 
advanced dewatering systems of the present invention; 

Fig. 19 is a partial side view of another optional permeable belt which may be used 
in the advanced dewatering syste ms of the present invention; 

Fig. 20 is a cross -sectional schematic diagram of still another advanced dewatering 
system with an embodiment of a belt press which uses a pressing shoe according to the 
present invention; 

Fig. 21 is a cross -sectional schematic diagram of still another advanced dewatering 
system with an embodiment of a belt press which uses a press roll according to the 
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present invention; 



it invention; . 
M 22a-b iUusbete one way in which the contec. area can be measured 
4. 23a „,us*ates an area <* a n Ashwortt, mete, be*** can be ^ 
irrvenaon. The por*,ns ofthe beuwh,ch a. shown in 

whereas the portions of 1» be,, shown In white repawn. the non -center* area^ 
Pig. 23b iiius^as an area of a CambH dge mete, be,, whfch can be - 

whereas the portions of .he belt show, in white represent the non wonted : «. .nd 

Pig. 23c Wastes an area o, a Vo»h Pab ncs M tebric wbich - " * 
IrrvenJ The portions* the be,, which ana shown in btaoK represen. me contec, area 
whereasthe portions of the baa shown in white represents non -contact area. 

roose, conaapoadingreterence^^indicatecon^ingparts^ughou. 

views. Tbe exempted embodimente se« oof herein iiiustrete one • *» 
niteorp.tenede^bodimenteofateinvan^on, and su* exempt sre no, to 
be construed aa limiting the scope of me i rwention in any manner. 

nrTf .,l ™=cr-PIPTION OF ™e INVENTION 

,00571 The particulars shown herein ere by way of example and for purposes of 
^edJlIof^embcK.menteofmepn^.nv^on.andara panted 

option of *e prindptea and ooncaptua, aspeds of me present invert**. Mh- 
necessan, for me .undamenfa, undenting of ma preaen. invenbon, me 
forms of the present invention may be embodied in pradrce. 

peso, Retemnflnow^medr^s.andmorepartioulartyte^.l.me^lsshown 
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an advanced dewatering system 10 for processing a fibrous web 12. System 10includesa 
fabric 14, a suction box 16, a vacuum roll 18. a dewatering fabric 20, a belt press assembly 
22 a hood 24 (whi ch may be a hot air hood), a pick up suction box 26, a Uhle box 28, one 
or more shower units 30,and one or more savealls 32. ^e forous material web12enters 
system 10 generally from the right as shown in Fig. 1- Fibrous web 12 is a previously 
formed we b (Le., previously formed by a mechanism which is not shown) which is placed 
on the fabric 14. As is evident from Fig. 1, ^suction device 16 provides suctioning to 
onesideoftp^eb12,while^suctionroll 18 provides suctioning to an opposite si deof 

^web 12. 

[0059] Fibrous web 1 2 is moved by fabric 14 in a machine direction M past one or 
more guide rolls and past a suction box 16. At^vacuum box 16, sufficient moisture is 
removed from web 12 to achieve a solids level of between approxima tely 15% and 
approximately 25% on a typical or nominal 20 gram per square meter (gsm) web runn.ng. 
The vacuum at t*Tbox 16 is between approximately -0.2 to approximately -0.8 bar 
vacuum, with a preferred operating level of between approximately -0.4 to approximately 



-0.6 ban 



[0060] As fibrous web 12 proceeds along ^ machine direction M, it comes into 
contact with a dewatering fabric 20. ^watering fabric 20 ce^an endless 
circulating belt which is guided by a plurality of guide rolls and is a Iso guided around a 
suction roll 18. ^watering belt 20 can be a dewatering fabric of the type shown and 
described in Figs. 13 or 14 herein, ^watering fabric 20 can also preferably be a felt 
™Sjeb 12 then proceeds toward vacuum roll 18 betwe en ^fabric 14 and & 
dewatering fabric 20. vacuum roll 18 rotates along ^machine direction M and .s 
operatedatavacuum level of between approximately -05 to approximately -O.Sbarwrtha 
preferred operating level of at least approximately -0.4 bar, and most preferably 
approximately -0.6 bar. By way of non-limiting example, the thickness of the vacuum roll 
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shell of roll 1 8 may be in the range of between approximately 25 mm and approximately 75 
mm. The mean airflow through t^web 12 in the ar^ of ^suction zone Z can be 
approximately 150 m 3 /min per meter of machine width. Tpef feric 14, web 12 and 
dewatering fabric 20^uided through a belt press 22 formed by the vacuum roll 1 8 and a 
permeable belt 34. As is shown in Fig. 1, j*e permeable belt 34 is a single endlessly 
circulating belt which is guided by a plurality of guide rolls and which presses againstfHe 
vacuum roll 1 8 so as to fomrvJuC belt press 22. 

[0061] TheUper fabric 14 transports tt*4eb 12to and from &d press system 22. 
jHg web l2liesinmethree^imensfonalstmc4ureoftb^upper1abric 14, and therefore ftte 
not flat but has also a three -dimensional structure, which produces a high bulky web . ;Fne 
Iowerfebric20 is also permeable. The design of flower fabric 20 is made to be capable 
of storing water. yd lower fabric 20 also has a smooth surface. Jj4 lower fabric 20 is 
preferablyafeltwithabattlayer. The diameter of the batt fibers of tbelower fabric 20 are 
equal to or less than approximately 11 dtex, a nd can preferably be equal to or lower than 
approximately 4.2 dtex, or more preferably be equal to or less than approximately 3.3 dtex. 
The battfibers can also be a blend of fibers. Jhetower fabric 20 can also contain a vector 
layer which contains fibe rs from approximately 67 dtex, and can also contain even courser 
fibers such as. e.g., approximately 1 00 dtex. approximately 140 dtex. or even higher dtex 
numbers. This is important for the good absorption of water. The wetted surface of the 
batt layer of JKelower fabric 20 and/or of the lower fabric itself can be equal to or greater 
than approximately 35 m 2 /m 2 felt area, and can preferably be equal to or greater than 
approximately 65 m 2 /m 2 felt area, and can most preferably be equal to or greater than 
approximately 1 00 m 2 /m 2 felt area. The specific surface of J^Tower fabric 20 should be 
equal to or greater than approximately 0.04 m 2 /g felt weight, and can preferably be equal 
to or greaterthan approximately 0.065 m 2 /gfelt weight, and can mostprefera bly be equal 
to or greater than approximately 0.075 m 2 /g felt weight This is important for the good 
absorption of water. The dynamic stiffness K* [N/mml as a value for the compressibility is 
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acceptable if less than or equal to 1 00,000 N/mm, preferable c ompressibility is less than or 
equal to 90,000 N/mm, and most preferably the compressibility is less than or equal to 
70,000 N/mm. The compressibility (thickness change by force in mm/N) of thrower fabric 
20 should be considered. This is important in o rderto dewater the web efficiently to a high 
dryness level. A hard surface would hot press Vp£ web 12 between the prominent points of 
the structured surface of the upper fabric. On the other hand, the felt should not be 
pressed too deep into the three -dimensional structure to avoid loosing bulk and therefore 
quality, e.g., water holding capacity. 

[0062] The circumferential length of vacuum zone Z can be between approximately 
200 mm and approximately 2500 mm, and is preferably between approximately 800 mm 
and approximately 1800 mm, and an even more preferably between approximately 1 200 
mm and approximately 1 600 mm. The solids content leaving vacuum roll 1 8 in web 12 will 
vary between approximately 25% to approximately 55% depending on the vacuum 
pressures and the tension on permeable belt, as well as the length of vacuum zone Z and 
the dwell time of web 12 in vacuum zone Z. The dwell time of web 12 in vacuum zone Z is 
sufficient to result in this solids range of between approximately 25% and approximately 
55%. 

[0063] With reference to Figs. 2 -5, there is shown details of one embodiment of the 
permeable belt 34 of belt press 22. JhjTbeit 34 includes a plurality of through holes or 
through openings 36. Tf^holes 36 are arranged in a hole pattern 38, of wh ich Fig. 2 
illustrates one non-limiting example thereof. As illustrated in Figs. 3 -5, jh^belt 34 includes 
grooves 40 arranged on one side of belt 34, i.e., the outside of jfh£ belt 34 or the side 
which contacts ^fabric 14. Jh£ permeable bett 34 is rou ted so as to engage an upper 
surface of t^ fabric 1 4 and thereby acts to press JHe'fabric 14 against web 12 in tf^kelt 
press 22. This, in turn, causes web 12 to be pressed against ^He'fabric 20, which is 
supported thereunder by y4 vacuum roll 18. As t his temporary coupling or pressing 
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engagement continues around Jh£ vacuum roll 18 in ^machine direction M, it encounters 
a vacuum zone Z TJnTvacuum zone Z receives air flow from Jhe^hood 24, which means 
that air passes from tbefiood 24, through tJxTpe rmeable belt 34, through gjeTabric 14, and 
through drying web 12 and finally through tiafbelt 20 and into JJxTzone Z In this way, 
moisture is picked up from tbtTweb 1 2 and is transferred through t^Tfabric 20 and through 
a porous surface of vacuum roll 1 8. As a result, JHeVb 12 experiences or is subjected to 
both pressing and airflow in a simultaneous manner. Moisture drawn or directed into 
vacuum roll 1 8 mainly exits by way of a vacuum system (not shown). Some of the moisture 
from Jhltuiface of rol 1 18, however, is captured by one or more savealls 32 which are 
located beneath vacuum roll 18. As web 12 leaves jKe belt press 22, JKe fabric 20 is 
separated from IJte web 12, andtblweb 12 continues with t}>e* fabric 14 pastvacuum pick 
up device 26. T^e device 26 additionally suctions moisture from tjae fabric 14 and^We web 
1 2 so as to stabilize tjf(e web 1 2. 

[0064] ^ve> fabric 20 proceeds past one or more shower units 30. These units 30 
apply moisturetojbe*fabric20 in order to clean JHe fabric 20. The' fabric 20 then proceeds 
past a Uhle box 28, which removes moisture from fabric 20. 

[0065] Tftg fabric 14 can be a structured fabric 14, i.e., it can have a three 
dimensional structure that is reflected in web 12, whereby thicker pillow areas of the web 
12 are formed. Jhe structured fabric 14 may have, e.g., approximately 44 mesh, between 
approximately 30 mesh and approximately 50 mesh for towel paper, and between 
approximately 50 mesh and approximately 70 mesh for toilet paper. These pillow areas 
are protected during pressing in ^be\t press 22 because they are within the body of>HS 
structured fabric 14. As such, the pressing imparted by belt press assembly 22 uponjtfe 
web 1 2 does not negatively impact web or sheet quality. Atthe same time, it increa ses the 
dewatering rate of vacuum roll 18. belt 34 is used in a No Press / Low Press 

apparatus, the pressure can be transmitted through a dewatering fabric, also known as a 
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presslabnc. in mis case, ^web 12 is no. protected w« a sfrucfored fabnc 14. However, 
the use ofttle belt 34 is etiU advantages because the press nip is much tonger than a 
conventional press, which resuKs in a lower specffic pressure and teas or reduced sheet 
compaction of^web 12. 

[0066] permeable belt 34 shown In Figs. 2-5 can be made of metal, stainleaa 
stee.and/orapdymertoma.eriaKoracomb^^ 

iow lave, of pressing in .he range of between app^ximately 30 KPa and approbate!, r150 
KPa, and praterab* greater .han approximately 70 KPa. Thus, if^eauotlon ro» 8 has a 
diameter of approver, 1 Z meter, the fabric tension for be,, 34 can be greater than 
approximatelySOKW/m.andpraforabWgraaterthan approximately 50 KN/m. Theprassmg 
lengm of permeable belt 34 agalnst^fabno 14. which Is indlrecdy supported t* vacuum 
roil is.canbeatleestaalongas.ortongerman.medroumferen.lal.angmof^esuobon 

zoneZofrol.18. Of course, the invention also contempletes that the comae, port ton of 
permeable belt 34 (i.e.. the portion of belt which Is guided by or over tpfT roll 18) can be 
shorter than suction zone 2L 

[0067] As is shown in Figa. 2 -s^permeable belt 34 has a pattern 38 of through 
hotes 36, which may, for example, be forme d by ddtling, laser cutting, atehed formed, or 
woven .herein, ^permeable bait 34 may a!ao be essenMy menoplaner. ,.e formed 
wtthou. tt^groovea 40 shown in Ffcs. 3 -5. The surface of tt^beK 34 whteh has ^ 
grooves 40 can be placed in oorttact w* iOTfabne 14 eleng a portion of ttie .rave of 
permeable be,. 34 In a beK press 22. Ea* groove 40 conned w«h a ae. or row of botes 
36 so as to a,,ow ttie pesaage and distrtbutton of air in & bett 34. Air is ttiua d^b^d 
a,onggrooves40. p^groovaa 40 and openings 36 thuseonstttute open areas o ^bett 
34 and are arranged adjacent te contec. areas, i.e.. areas where .he surface of be* 34 
applies pressuro agafcs. (Xffabrte 14 or ^b 12. Air enters ^rmeable bait 34 
ftroughtt^holeajefromasideoppositettiatofthesidecomainingygroovea^ and 
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then migrates into and along grooves 40 and also passes tinrough ^fabric 14 
web 12 and ^fabric 20. As can be seen in Rg. 3, the diameter of holes 36 is larger t han 
the width of grooves 40. While circular holes 36 are preferred, they need not be 
circular and can have any shape or configuration which performs the intended foncbon. 
Moreover, although ^grooves 40 are shown in Fig. 5 as having a generally re ctangular 
cross-section, th/grooves 40 may have a different cross -sectional contour, such as, 
atnangularcross-sectionas shown in Fig. 5a, a trapezoidal cross -section as shown ,n Rg. 
5c and a semicircular or semi -elliptical cross-section as shown in Rg. 5b. The 
combination of the permeable belt 34 and the vacuum roll 18, is a combination that has 
been shown to increase sheet solids level by at least approximately 15%. 

[0068] Byway of/on -limiting example, the width of the generally parallel grooves40 
shown in Fig. 3 can beiproximate* 2.5 mm and the depth ojtfe grooves 40 measured 
from the outside surface (i.e... the surface contacting belt 14) can be approximate 2.5 
mm Thediameterofthethroughopenings36canbeapproximate«y4mm . Thed,stance, 

measured (of course) in the width direction, between/e grooves 40 can be app^omately 
„5mm. The.ongitudina.distance(measuredfromthecenter -tines) between ^openrngs 
36 can be approximately 6.5 mm. The distance (measured from th e center-l.nes ,n a 
direction of the width) between tt/e openings 36, rows of openings, or grooves 40 can be 
approximate^ mm. ^openings 36 in every other row of openings can be off^t by 
approximately half so that the longitudinal distance between adjacent openings can b^^^^ 
the distance between openings 36 of the same row, e.g.. half of6.5 mm. The overall wdth 
of ttj/bert 34 can be approximately 160 mm more than the paper width and the overall 
of theendlessly circulating belt 34can be approximately 20 m. The tension lim,ts of 
^fbelt 34 can be between, e.g., approximately 30 KN/m and approximately 50 KN/m. 

[0069] Rgs- 6-11 show other non-limiting embodiments of ^ permeable belt 34 
whichcanbeusedinabeltpress22ofthetype showninRg.1. T /e belt 34 showr^igs. 
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6-9 may be an extended nip press belt made of a flexible reinforced polyurethane 42. It 
may also be a spiral link fabric 48 of the type shown in Figs. 10 and 1 1 . Jne permeable 
belt 34 may also be a spiral link fa brie of the type described in GB 2 141 749A, the 
disclosure of which is hereby expressly incorporated by reference in its entirety. Tffe 
permeable belt 34 shown in Figs. 6 -9 also provides a low level of pressing in the range of 
between approximately 30 KPa and approximately 150 KPa, and preferably greater than 
approximately 70 KPa. This allows, for example, a suction roll with a 1 2. meter diameter to 
provide a fabric tension of greater than approximately 30 KN/m, and preferably greater 
than approximately 50 KN/m, it can also be greater than approximately 60 KN/m, and also 
greaterthan approximately 80 KN/m. The pressing length of $d permeable belt 34 against 
th/febric 14, which is indirectly supported by vacuum roll 18, can be at least as long as or 
longer than suction zone Z in roll 18. Of course, the invention also contemplates that the 
contact portion of permeable belt 34 can be shorter than suction zone Z. 

[0070] With reference to Figs. 6 and 7, t^ belt 34 can have the form of a 
polyurethane matrix 42 which has a permeable structure. The permeable structure can 
have the form of a woven structure with reinforcing machine direction yams 44 and cross 
direction yarns 46 at least partially embedded within polyurethane matrix 42. Jne belt 34 
also includes through holes 36 and generally parallel longitudinal grooves 40 which 
connect the rows of openings as in the embodiment shown in Figs 3 -5. 

[0071] Figs. 8 and 9 illustrate still another embodiment for the belt 34. ^phe belt 34 
includes a polyurethane mat rix 42 which has a permeable structure in the form of a spiral 
link fabric 48. JJielink fabric 48 is at least partially embedded within polyurethane matrix 
42. Holes 36 extend through belt 34 and may at least partially sever portions of spiral link 
fabric 48. Generally parallel longitudinal grooves 40 also connect the rows of openings 
and in the above-noted embodiments. The spiral link fabric described in this specification 
can also be made of a polymeric material and/or is preferably tensioned in the r ange of 
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■ 30 KN/m and 80 KN/m, and preferably batwaan approximately 35 
b^*"*^""^, ^^.mp^adrunnabUSyoftbab^^ohia 
K^mandapp—rySOKN/m. ^^^^^a^ HngCtbapapar 
notabletawithstandhightensions.and.abalanceaw 



web. 



[0072] By wa, ^Ln-.mmng axampfe, and w«h raferanoa * »a 
ap prox i rn ate .y2.5 m mandmadap mO «)^rc»vas40 m ^u^om 

^ugbopaningaaeoanbaapp^dmateM-m. ^^T,, ^ , ong[tudin a> 

^ 36. rows or opanmg, or groovaa 40 «n baa 
opan.ngsa.ina^o^-ofopan^canba^ap^ y 

circulating belt 34 can be approximately 20 m. 

^^rC^a^X^ba.tandaVo^Fabr ^UnKFabdcand 

are shown in Figs. 23a -c. i ne sp. between 
^a . a pelade »— and,or ,s pre**, — ^^KNMrand 
approx^MKWmandWK^andp^ 
^proxin-alyoOKN/rn.Wraprovldas.rnprovadn.nnab.Wof^ba^ 
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withstand high tensions, and is balanced with sufficient dewatering of the paper web. Fig. 
23a illustrates an area of the Ashworth metal belt which is acceptable for use in the 
invention. The portions of the belt which are shown in black represent the contact area 
whereas the portions of the belt shown in white represent the non -contact area. The 
Ashworth belt is a metal link belt which is tensioned at approximately 60 KN/m. The open 
area may be between approximately 75% and approximately 85%. The contact area may 
be between approximately 15% and approximately 25%. Fig. 23b illustrates an area of a 
Cambridge metal belt which is preferr ed for use in the invention. Again, the portions of the 
belt which are shown in black represent the contact area whereas the portions of the belt 
shown in white represent the non -contact area. The Cambridge belt is a metal link belt 
which is tensioned at approximately 50 KN/m. The open area may be between 
approximately 68% and approximately 76%. The contact area may be between 
approximately 24% and approximately 32%. Finally, Fig. 23c illustrates an area of a Voith 
Fabrics link fabric which is most pre ferably used in the invention. The portions of the belt 
which are shown in black represent the contact area whereas the portions of the belt 
shown in white represent the non -contact area. The Voith Fabrics belt may be a polymer 
link fabric which is tensi oned at approximately 40 KN/m. The open area may be between 
approximately 51% and approximately 62%. The contact area may be between 
approximately 38% and approximately 49%. 

/ f 
[0074] As with the previous embodiments, tofe permeable belt 34 shown in Figs. 1 0 

and 1 1 is capable of running at high running tensions of between at least approximately 30 

KN/m and at least approximately 50 KN/m or higher and may have a surface contact area 

of approximately 1 0% or greater, as well as an open area of approximately 15% or greater. 

The open area may be approximately 25% or greater. The composition of permeable belt 

34 shown in Figs. 1 0 and 1 1 may include a thin spiral link structure having a support layer 

within permeable belt 34. The spiral link fabric can be made of metal and/or stainless 

steel. Further, permeable belt 34 may be a spiral link fabric 34 having a contact area of 
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between approximately 15% and approximately 55 %, and an open area of between 
approximately 45% to approximately 85%. More preferably, the* s piral link fabric 34 may 
have an open area of between approximately 50% and approximately 65%, and a contact 
area of between approximately 35% and approximately 50%. 

[0075] The process of using ttre^advanced dewatering system (ADS) 1 0 shown in 
Fig. 1 will now be described. T+feADS 1 0 utilizes^elt press 22 to remove water from web 
12 after the web is initially formed prior to reaching belt press 22. A permeable belt 34 is 
routed in the'belt press 22 so as to engage a surface of fabric 14 and thereby pros s fabric 
14 further against web 12, thus pressing^ web 12 against fabric 20, which is supported 
thereunder by a vacuum roll 18. The physical pressure applied by t^e^ places some 
hydraulic pressure on the water in web 12 causing itto migrate towa rd fabrics 14and 20. 
As this coupling of web 12 with fabrics 14 and 20, and belt 34 continues around vacuum 
roll 1 8, in machine direction M, it encounters a vacuum zone Z through which air is passed 
from a hood 24, through ^permeable belt 34, through t he fabric 14, so as to subjectjhe' 
web 12 to drying. The moisture picked up by the airflow fromjbe' web 12 proceeds further 
through fabric 20^nd through a porous surface of vacuum rolM 8. In tpe^ permeable belt 
34, the drying air from toe^hood 24 passes through holes 36, is distributed along grooves 
40 before passing through Jthe"fabric 14. As web 12 leaves belt press 22, t*ie"bert 34 
separates from £ef fabric 14. Shortly thereafter, ^fabric 20 separates from web 12, and 
p^web 12 continues with ^xTfa brie 14 past vacuum pick up unit 26, which additionally 
suctions moisture from tbe^fabric 14 and tbe'web 12. 

[0076] Impermeable belt 34 of the present invention is capable of applying a line 
force over an extremely long nip, i.e., 10 times longer than f or a shoe press, thereby 
ensuring a long dwell time in which pressure is applied against web 12 as compared to a 
standard shoe press. This results in a much lower specific pressure, ue., 20 times lower 
than for a shoe press, thereby reducing the sheet co mpaction and enhancing sheet quality. 
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Thepresentinven.on^hera.lowstaas.mu^neousva^.mandpressingdewatering 
with airflow through the web at the nip itself. 

,0077] Bg.Ushowsanofteranadvanceddawataringa^mllOforprocessinga 
brous web 112. ^system 110 Includes an upper fabdc 1 14. a vacuum roH 118. a 
dewatedng tabdo 120. a be* praaa assembly 122. a head 124 (whfch may be a „ . 
hood,, a Uhie box 128. oae or mora shower unl* 130. one or mora save* 132 oneor 
TO jea te run te 12 9 ,T^hbrouama te na,web112en,emsys t em110gene ra « y a.m,he 

Lasaho»nin n g.12J^nbrouaweb112 te ap re v,ous l »^edweb0.e..prev ra usty 
:ld yan^anismnrsho^wh^ispt^edon^bdolU. As was, hecasem 

F ig 1 a suctton device (no. shown bu, aimiiar to device 16 in Rg. 1) can provide 
suLning to cnes i deo f ^web112.wh,,e.^suc^ro, l 118provideasuc tl on,ng to an 

opposite side of tj^web 112. 

[00701 ^fibrous web 112 is moved b, tabdo 1 14 in a machine direction M paa. 
one or more £. rotla. Mhough « may no, be necessary, before ""^ET. 
rod t^webm ^ay have sufficient moisbure is removed from web 112 1o achieve a 

aogrompersguarome^r^webronning.Th.canbeac^pt-.ahedbyvacuum^a 

LVahownlofb^approximatel, -O^to approx^V 

preferred operating level of between approximately -0.4 to approximate* -0.6 bar. 

,00791 As fibrous web 1 12 proceeds along the machine direction M, It comes into 
Laac, with a dewatadng fabric 120. pTdewafcrtng fabric 120 can be an end^a 
circuWn, beK which ia guided by a plural, 1y of guide rol* and . a,so gurded arounda 
suc«on^nl8.TKwab112 W enprocaeds^ ra vac.umro,l118be^f*- 
1 14and>tedev rate Hngfabdc120.^cuumro,,118canl M adnvenro l ,wh,chro^ 
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^.approximately **^*^^ mM «**T2ZTLly 

be *l range Cbe^een 25 mmand 75 mm. The mean airftow .breach «he web 112 tn 
^area^uc 6 onzoneZcan te app ro x,ma tel ,151.n,»/m l nperme,er ra ch,ne^d«.. 

%ZJL web 112 an. dewatedng -* 120 , guided £ 
formed by ^vacuum roU 118 and a permeable belt 134. As . shown ,n Rg. 

aide rolls andwhich presses agatos, ^vacuum 

To conbol and/or adjust me tension oyha bar, 134, a tenston adpslmg roll TAR 
provided as one of the guide rolls. 

tOOSOl Thedrcumfcren.ia.le^ofva^mzonezoanbebe^ap^^ 
Zl and appr^matefy 2500 mm. and la prefer ab* between ~ 
and aooroximately 1800 mm, and an even more preferably between approximately 1200 
I^Z^ieoOrnm.ThesoHda^^m-o.moV.weam^ 

and^^nonpemreabtebeKaawellastheler^ofva^umzonaZandm^ 
,me of web 112 to vaouum zona Z. The dwell time of web 112 ,n vacuum zona z . 
all. to result In Us sonde tange of between appro, mately 25% to approve** 
55%. 

PMD TI »p^sys^a l «^m^.12»u,u.nzesa.^0^PP«=r1« 
P eJabtebe,.or faW c114,a,^s.one lower or aeoondoa*or fe bdo120andapap^ 

« L 122 ^nted by^l, 118 and ^P-eabte be, 134. *«-*- «*• 
pjure producing eternal 134 Is in contact wfth the a, teas, one upper fabnc 1 «LA 
Lndsurfccaofasuppo^atucturetl "^^T 
120 and is pemteabte. A dinarenca, preasune Held I. ptovUed between the M and the 
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second surfaces, acting on the package of at least one upper and at least one lower fabric 
and the paper web there between. In this system, a mechanical pressure is produced on 
the package and therefore on flypaper web 112. This mechanical pressure produces a 
predetermined hydraulic pressure in tbe^web 1 12, whereby the contained water is drained. 
The^upper fabric 1 14 has a bigger roughness and/orcompressibility than jbe lower fabric 
120. An airflow is caused in the direction from tbe^at least one upper 1 14 to the at least 
one lower fabric 120 through the package of at least one upper fabric 1 14, at least one 
lower fabric 120 and ^ paper web 1 12 therebetween. 

[0082] Jhe^upper fabric 1 1 4 can be permeable and/or a so -called "structured fabric". 
By way of non-limiting examples, jfche upper fabric 114 can be e.g., a TAD fabric. Jbe 
hood 124 can also be replaced with a steam box which has a sectional construction or 
design in order to influence the moisture or dryness cross -profile of the web. 

[0083] With reference to Fig. 1 3, flower fabric 1 20 can be a membrane or fabric 
which includes a permeable base fabric BF and a lattice grid LG attached thereto and 
which is made of polymer such as polyurethane. pielattice grid LG side ofJheTabric 320 
can be in contact with tbe^suction roll 1 18 while the opposite side contact&the'paper web 
112. J>e* lattice grid LG may b e attached or arranged on frdbase fabric BF by utilizing 
various known procedures, such as, for example, an extrusion technique or a screen 
printing technique. As shown in Fig. 13, tbe^attice grid LG can also be oriented at an 
angle relative to machine direction yams MDY and cross -direction yams CDY. Although 
this orientation is such that no part of ^lattice grid LG is aligned with the machine 
direction yams MDY, other orientations such as that shown in Fig. 1 4 can also be utilized. 
Although jbe^ lattice grid LG is shown as a rather uniform grid pattern, mis pattern can also 
be discontinuous and/or non -symmetrical at least in part. Further, the material between 
the interconnections of the lattice structure may take a circuitous path rather than b eing 
substantially straight, as is shown in Fig. 13. Lattice grid LG can also be made of a 
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synthetic, such as a palmer or specttically a polyurothane, which attachas «self to^ 
base fabric BF by Its natural adhesion properties. Making 0rf lattice gri d LG of a 
polyurethane provides it with good Motional properties, such that it seats well againstjbe- 
vacuum roll 1 18. This, then forces vertical airflow and eliminates any "x, y plane" leakage. 
The velocity of the air is sufficient to prevent any re -watting once the water makes * 
through MW» grid LG. Addittonally, «P<S lattoe grid LG may be a thin perforated 
hydrophobic film having an air permeability of approximately 35 cfm or less, preferably 
approximately 25 dm. The pores or openings of tpeiattice grid LG can be approximately 
1 5 microns. The lattice grid LG can thus provide good vertical airflow at high veloetty so 
as to prevent rewet With such a fabric 120, it is possible to fornr or create a surface 
structure that Is independent of t he weave patterns. 

[0084] Wrth re ference to Hg.14,ltcanbeseenthatttrelowerdewateringfebric120 

fabric BF and a fattfce grid LG. Vbase fabric BF includes machine drracbon 
multtfilamentyarnsMDY (which could also be mo™ or twisted n»no yarns or corobrnattons 
of muttinl and,monofil twisted and untwisted yams from equal or dlfferenLpolymenc 
materials) and cross predion multifilament yarns CDY (which could also ba mono or 
MM mono yarns or combinations of muH» and monoHI M*d and untwisted yarns 
from equal or different polymeric materials) and Is adhered to fne laftfoe grid LG, so as to 
famtasocalled-ana-rowetlayer. The lattice grid can ba made of a composite matenal, 
such aa an elasfomeric material, which may ba the same as the as the lattice gnd 
described in Fig. 13. As can be saan In Fig. U.JhT lattoe grid LG can Hsett mclude 
machine direction yams GMDY with an elastomer* materia. EM being fomred around 
these yams. The lattice grid LG may thus be composite grid mat formed on ala^menc 
material EM and machine dl.act.on yams GMDY. In this ragaro, the grid machine d,rac*on 
yams GMDY maybe pre-coated with elastomeric material EM before being placed m rows 
,hat aro substantially paralla. In a mold that is used to reheat the elastomeric matena. EM 
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causing it to re-fiow into the pattern shown as grid LG in Fig. 14. Additional elastomeric 
material EM may be put into the mold as well. The grid structure LG, as forming the 
composite layer, in then connected to^Jb^lbase fabric BF by one of many techniques 
including the laminating of tp€ grid LG to tji^permeable base fabric BF, melting the 
elastomeric coated yam as rt is h eld in position against ^impermeable base fabric BF or by 
re-melting tj^grid LG to the permeable base fabric BF. Additionally, an adhesive may be 
utilized to attach tpi grid LG to Vp<£ permeable base fabric BF. T^composite layer LG 
should be able to seal well against jHe vacuum roll 118 preventing °x,y plane" leakage and 
allowing vertical airflow to prevent rewet. With such a fabric, it is possible to form or create 
a surface structure that is independent of the weave patterns. 

[0085] j^fe belt 120 s hown in Figs. 1 3 and 1 4 can also be used in place of JJa^belt 

20 shown in the arrangement of Fig. 1 . 

[0086] Fig. 15 show an enlargement of one possible arrangement in a press. A 
suction support surface SS acts to support tfjerfabrics 120, 1 14, 134 and p*Se web 1 12. 
The suction support surface SS has suction openings SCu The openings SO can 
preferably be chamfered at the inlet side in order to provide more suction air. The surface 
SS may be generally flat in the case of a suction arrangement which uses a suction box of 
the type shown in, e.g., Fig. 1 6. Preferably, the suction surface SS is a moving curved roll 
belt or jacket of ^suction roll 118. In this case, JH^ belt 134 can be a tensioned spiral 
link belt of the type already described herein. Jtfe belt 1 1 4 can be a structured fabric and 
JKfe belt 120 can be a dewatering felt of the types described above. In this arrangement, 
moist air is drawn from above^belt 134 and through Jfc^belt 1 14, web 1 12, and belt 120 
and finally through the openings S O and into tja^suction roll 118. Another possibility 
shown in Fig. 16 provides for the suction surface SS to be a moving curved roll belt or 
jacket of tjj^suction roll 1 18 and JJ^belt 1 14 to be a SPECTRA membrane. In this case, 
ttjd'belt 134 can be a tensioned spiral link belt of the type already described herein. jKe" 
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and(i „a»ym ro u g h^cpen l n g sSOand lrt o ! !^uc«»n ro »118. 

undent surface afpta belt SF. Asuf *°" . ^ P0 arranged 

tnerein'and .^supper, be« SF and sfaflenary su*» ^ and/or of 

^ type shawn in Rgs. 18 and 19. T^bel. P ^* n devlc8 pD presse3 ^e 

and^canafccbepermeable. '"^^F^^n bo* SB apples a 

l^whlchpraducasah^b^wab. « « pl«-«.1» 

a,aohaaaanH,c*aurfaca.3>a^f S bnc^.ap^y ^ man 

approximately 11 dtex, and can preferably ba aqua yhabattfibera 
Zcr^prare^be^or.aaa^p^"^ 

ra nalsobe3b,endof«be,s. P^^J^cTatso - — ' 

contains fibers from at least approximate! y 67 dtax, an 
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fibs* sue* as. e.g., a. teas, approximate* 100 dfox. a, leas, approximately 140 dtex or 
evenhigherdtexnumbe^ This Is t*MMi good abson*n of water. H»«M 
surface of .he ban fcyer of .ha lower fab* 120 and/or rfJMW tebno 120 «se« can e 
eoua.teorgreater^approx.atetefyasrnWfel.area. andean preferably be equal* 
o gre ater than appmxlmately 66 m W « area, and can mos. preferably be equal tea 
gnaaterfhan approximate* 100 m W felt ansa. The spectfesurface of ^ £n= 
1» should be egual * or greater man approximately 0.04 m °/g M we,gl* and can 

preferably be equal fo or greater than ffM 0.075 n> * M wetght This ,s 
important for the good absorption of water. 

,00891 The compressibility (Brickness change byforee in mm/N)of the-uppermbric 
mtib-r-ni—!!*— *** 12 °- Thte is important, nortfertemaintein^a 
teree-dimensiona, ste.ob.re ofJbeVeb 112, i.a., fo ensure Mapper belt 1 14 ,s a sWf 
structure. 

n.090] The nuance of JrfWtebnc 120 should be considered. .Thedenanyof 
,*dower fabric 120 should be equal to or higher than approximately 0.4 g/cre , « Im 

1200 m/m,n. A reduced Ml volume makes it easier te take die wafer away team ft M 
1 20byteeairncw,,.e..foge.*ewa ter fon^h^el< 120. Therefore me dewatenng 
efJsareaUer. Thapenaea M r^of^werfobrtc120oanbefowerfoanap prox^y 

get ma water through ^fo» 120. As a resu«, me re ceding effect . smaller^A wh* 
permeability, however, would lead te a too high airflow, less vacuum leva, for a gnren 
vacuum pump, and less dewatenng of tee M because of tea foe open sbucture. 
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^..r+iire ie the surface supporting 

L^SF^be^eabya^su^S^ ^^^^^ 
swctoreSFcanpreferabtybecurved. ^examp*. diameter fe , 

suction zoneZ. "^^"^T^ „ teast one suction box with a. leas, one 
^suctton cylinder 218 ntay aiso .nctude at lea* „ laast ore 

* a,. At .as, one mechanic* ' « — » ^ 3 ^ 

pressure Wd 0*. by the tensron of a belt) or tomug a „ open surface 

etement. H.H au*~ can be an ^^^^op*, surface, so 
^rds^ f abnc1U,e. g .,a g n»vedora^nddn.^ J, apemeab , e 

« ar can ft. from ou«de .to the such* » ^ ^ 

fc* 13 4. The bett may have an open area approxlmate * 50 %. ^ 

9 re*toanapp,o,ma te >35^^ 

baS 134 nw — a «*d „ ^ „ ^ . goo a pres.no con** 
25%. and preferably up to approxtmatetyou/ 

^^d'j^ol^^ 210 * 3 ^ " nBa 
[00921 Fig. 20 shows anothe^n advance avaou um rod 218, a 

^^^Tsleal box), one W m oreUNe 
no, shown indude a hood (which may be a ho. a-^a ^ ^ as 

^ or rr^re shower ^r^^^'^ system 210 g— 
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p^ide suc.oning to one side of K«* 212 ' "* * "* 
suctioning to an opposite side ot)ffe web 212. 

[0093] TlArausweb212is moved by tp/fabnc 214. which may beaTADfebric. 
,n a machine <£*» M past one or mora guide rails. Atthough « may no. be necessary, 
before reaching t^sucfcn ro« 218, t^web 212 may have aufflcien. moisture is removed 
torn web 212 to achieve a solids level of between approximately 15% and approximately 
25% on a typical or nominal 20 gram per square meter (gam) web ranning. Th,s can be 
accomplished by vacuum a. a box (no. shown) of between approximate* -01 :* 
approximately -0.8 bar vacuum, -ha preferred operaSng level of between apprax,ma.ely - 
0.4 to approximately -0.6 bar. 

[00941 Asfibrouaweb212pracaedsalong^machlnedireo t ionM,l tcomesinfo 
center* w*h a dewatarlng febnc 220. JhiTdewatenng fabrfc 220 ( which can be any type 
described herein) can be endlesa delating belt which I. guided by a plurafrty of grade 
rii and is also guided araund a su*n roll 218. ^web 212 then prooeeda toward 
vacuum rail 218 between ^no 214 and ^watering fab* 220. p^acuum rail 
218 can be a driven rail which ralatea along jKe machine direction M and is operated at a 
vacuum lave, of between appraximately -02 to appmximatel y 4>.8 bar wHh a preferred 
operaanglavelofatlaaatapproxlmataly -0.5 bar. By way of non4iraHlng example the 

mm. Thameana*w,hraugh.h/web212 l n,he area rrfJHe surfer,: -«-»«« 
can be approximately 150 mVmeter of machine wide, pfe «.„o 214, web 212 and 
dawa te ringfobho220aragu M edtt,raughabel.prasa2^for™edbyti(evaaium rail 218 

and a permeabte be,. 234. As is shown in Rg. 20. ft permeable be* 234 . a arngle 
endlesa* drcula«ng be,, which la guided by a pluraWy of guide ralla and which prassea 
a g a in a,^vacuumra«218aoaafofont, B ybe«praa,12 2 .Tocon«,andforad^ 

tension of f be« 234. one of the g aide ralla may be a tension adjusbng rail. This 
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arrai 



ngement also includes a pressing device arranged within yd belt 234. The pressing 
device includes a journal bearing JB, one or more actuators A, and one or more pressing 
shoes PS which are preferably perforated. 

[0095] The circumferential length of at least vacuum zone Z2 can be between 
approximately 200 mm and approximately 2500 mm. and is preferably between 
approximately 800 mm and approximately 1800 mm. and an even more preferably between 
approximately 1 200 mm and approximately 1 600 mm. The solids leaving vacuum roll 21 8 
in web 21 2 will vary between approximately 25% and approximately 55% depending on the 
vacuum pressures and the tension on permeable belt 234 and the pressure from the 
pressing device PS/A/JB as well as the length of vacuum zone Z2, and the dwell time of 
web 212 in vacuum zone Z2. The dwell time of web 212 in vacuum zone Z2 is sufficient to 
result in tef solids range of approximately 25% and approximately 55%. 

[0096] Fig.21 showsanother^nadvanceddewateringsystem310forprocess«nga 
fibrous web 312. JfiT system 310 includes an upper fabric 314. a vacuum roll 318. a 
dewatering fabric 320 and a belt press assembly 322.. Other optional features which are. 
not shown include a h ood (which may be a hot air hood or steam box), one or more Uhle 
boxes one or more shower unite, one or more savealls. and one or more heater unite, as 
is shown in Figs. 1 and 12. The"fibrous material web 312 enters system 310 generally 
from the right as shown in Fig. 21 . JhTfibrous web 312 is a previously formed web (i.e.. 
previously formed by a mechanism not shown) which is placed on thefabric314. As was 
the case in Fig. 1, a suction device (not shown but similar to device 16 in F.g. 1) can 
provide suctioning to one side of^web 312, while suction roll 318 provides 
suctioning to an opposite side offjreweb 312. 

[0097] Tbe^brous web 312 is moved by fabric 314. which can be a TAD fabric, in a 
machine direction M past one or more guide rolls. Although ft may not be necessary. 
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before reaching Jf^suction roll 318, Xty&web 21 2 may have sufficient moistun^Yemoved 
from web 21 2 to achieve a solids level of between approximately 1 5% and approximately 
25% on a typical or nominal 20 gram per squa re meter (gsm) web running. This can be 
accomplished by vacuum at a box (not shown) of between approximately -0.2 to 
approximately -0.8 bar vacuum, with a preferred operating level of between approximately - 
0.4 to approximately -0.6 bar. 

[0098] As fibrous web 312 proceeds along JHe'machine direction M, it comes into 
contact with a dewatering fabric 320. THe dewatering fabric 320 ( which can be any type 
described herein) can be endless circulating belt which is guided by a plurality of guide 
rolls and is also guided around a suction roll 318. Jhtfweb 312 then proceeds toward 
vacuum roll 318 between the fabric 314 and tfi^ewatering fabric 320. Ji^e vacuum roll 
31 8 can be a driven roll which rotates along jrfe machine direction M and is operated at a 
vacuum level of between approximately -0.2 to approximately -0.8 bar with a preferred 
operating level of at least approximately -0.5 bar. By way of^oii -limiting example, the 
thickness of the vacuum roll shell of roll 31 8 may be in the range of between 25 mm and 75 
mm. «The mean airflow through t\j& web 312 in the area of tjp4 suction zones Z1 and Z2 
can be approximately 150 m 3 /meter of machine width, p^fabric 314, web 312 and 
dewatering fabric 320 are guided through a belt press 322 formed by>Ke vacuum roll 31 8 
and a permeable belt 334. As is shown in Fig. 21, tfa^permeable belt 334 is a single 
endlessly circulating belt which is guided by a plurality of guide rolls and which presses 
against^ vacuum roll 31 8 so as to form Jh£ belt press 322. To control and /or adjust the 
tension of Jt*6 belt 334, one of the guide rolls may be a tension adjusting roll. This 
arrangement also includes a pressing roll RP arranged within t^belt 334. Tpd pressing 
device RP can be press roll and can be arranged either before yd zone Z1 or betweerytfie 
two separated zones 21 and Z2 at optional location OL. 



[0099] 



The circumferential length of at least vacuum zone Z1 can be between 
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. _ nroximate lv 2500 mm, and is preferably between 
approximately 200 mm and **™*^ 2 andaneV enmo reP referab^etween 
app^mate.ySOOmmandappro.ma^^ ^^^_o.318 

inW eb312wi.. vary between approx 1 matel y 25%andaP^ y ^ 
vacuum pressures and the tension on permease beK 334 « ^ ^ 

•„„ H^vire RP as well as the length of vacuum zone Z1 and also ^, <* 
press.ngdev.ee RP and Z2. The dwell time of web 312 in vacuum zones 

time of web 312 in vacuum zones Z1 and vimfltA h / 05% and 

Z1 and Z2 is sufficient to resuK in t^so.ids range ™ approbate* 25* 



approximately 55%. 



c.^ «?n and 21 have the following advantages: 
rmnm The arrangements shown tn Figs. 20 ana ^1 nave u 

or 314. Tbe addKonal P-su. «•«-«- ^^^334 resigned to 

.,h»» ?34 or 334 can be made of a remfbrc ed plasoc orsynin* 
permeable U pperbell234or334can ^,34™. 334 can be driven Id avoid 

tt can also be a spiral linked fabric Preferably, & ' ^ ^ b 

212 er 312. pfe-sucton roll 218 o r 318 can alao be dnven. Both of lhasa can 
driven independently. 
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[0101] ^Ke^ermeable belt 234 or 334 can be supported by a perforated shoe PS for 
providing the pressure load. 

[0102] The air flow can be caused by a non -mechanical pressure field as follows: 
with an underpressure in a suction box ofjhfe suction roll jl 18, 218 or 31 8 j or with a flat 
suction box SB (see Fig. 1 7). It can also utilize an overpressure above the first surface of 
jrfe pressure producing element 134, PS, RP, 234 and 334 b y, e.g.,b^hood 124 (although 
not shown, a hood can also be provided in the arrangements shown in Figs. 17, 20 and 
21), supplied with air, e.g., hot air of between approximately 50 degrees C and 
approximately 180 degrees C, and preferably between approxim ately 120 degrees C and 
approximately 150 degrees C, or also preferably steam. Such a higher temperature is 
especially important and preferred if the pulp temperature out of the headbox is less than 
about 35 degrees C. This is the case for manufacturing processes without or with less 
stock refining. Of course, all or some of the above -noted features can be combined to 
form advantageous press arrangements, i.e. both the underpressure and the overpressure 
arrangements/devices can be utilized together. 

[01 03] The pressure in the hood can be less than approximately 0.2 bar, preferably 
less than approximately 0.1, most preferably less than approximately 0.05 bar. The 
supplied air flow to the hood can be less or preferable equal to the flow rate sucked out o f 
^suction roll 118, 218, or 318 by vacuum pumps. 

[01 04] "pi^'suction roll 118,218 and 3 1 8 can be wrapped partly by the package of 
fabrics 1 14, 214, or 314 and 120, 220, or 320, and the pressure producing element, e.g., 
the belt 134, 234, or 334, where by^ffe second fabric e.g., 220, has the biggest wrapping 
arc a a2 D and leaves the larger arc zone Z1 lastly (see Fig. 20). p*£web 21 2 together with 
jtfe first fabric 214 leaves secondly (before the end of tj^first arc zone Z2), and the 
pressure producing element PS/234 leaves firstly. The arc of^^pressure producing 
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. . plv50ms For arolldiameterofapproximately1-2mmandamacn.n p 
approxunately 50 ms. For a ^ approximately 76 degre es, 

approximately1200m/nmn,thearc a1 shouta g fea1= [dwe Htime* 

andpreferab.ygreaterthanapproxi m ate.y95degre e s. T*e formula ,s a1 

speed * 360 / circumference of the roll]. 

ri fehrir 120 220 320 can be heated e.g., by steam or process 
t 0105l ^second fabnc 120, 220, 320 wrthahigher 

^^^^^^^^^^^ ^ 
temperate, ftfceasiertoget^^ 



the headbox. 



r0106 , There are a number of advarfages of me proceaa using any of «-h«-» 
[0106] Tnere nriorartTAD prDcesa,tanvaouurnpumpsareneed e <Jto 
diacloaeddavicessuchas.lnthepnorarlTADpro ^ o,e advanced 

dry me web to approbate* 25% drynesa. On me other 

profile would be created. Th.s way a lot of energy » 

• „ik, -rhesvstemsofthe nstantinvenbonmaKercpossiui 
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ornately 40% wimagoodmoitfurecmsaprotiie. Inae ecc^stege.tinedrynesacan 

^oodOmpingement, dtyer »mbined *. inventive s^. 

«. dryneaa M. can include more efticien, impingement d rymg v,a the haod an ma 



Yankee. 



,0,071 Aa can be saan in Fig, 22a and 22b, the confactarea *ft~ BE can ba 
^.g.aadL^cadanto^rtamp.Tha.aadcraateaaapac^cpraasu.aSPafabou. 



90 KPa. 



^08, Tha entire discloaure a, US paten, application W68.48S.nad an January 30. 
2004 la haraby expresaly incorporated by rafaranca in «a anbraty. 

of the US patent application No. 1 0/072,408 entitled ADVANCED DEWATERING SYSTEM 
in the name of Jaffrey HERMAN at at. ^*etney*ael<eW4erPS5?6?^ 

fOMOl .t ia noted tita, tire foregoing examplee have been provided merely far .he 
puZ of sanation and are in no way ti, be ccnstraed aa »m«ng o, tite p~* 

appended Calma. aa praaentiy sfafcd and aa amehdad, wimou, d«*« 
loea^apintoftiteprasan.inventianini.aaspacta. Altitough .he rnven. .onhaebeen 
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ime „«o„ is no, Mended * be „,n»ed * <he partook disposed here,n. Jnstea* *e 
1 „ven«onex te nds to a^nc,ona ll y eq uiva te n.sm J cU, re s,n ie « 1 cds and uses, suchas are 

within the scope of the appended claims. 
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